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Abstract
The experimental results for simple atomic systems have become more and
more accurate and in order to keep up with the experimental achievements
the theoretical procedures have to be refined. Recent accurate experimental
results obtained for helium-like ions in the low- and moderate-Z regions pro-
claim the importance of theoretical calculations that combines relativistic,
QED and electron correlation effects. On the basis of these premises the rel-
ativistically covariant many-body perturbation procedure is developed and
it is this development that is introduced in this thesis. The new theoretical
procedure treats relativistic, QED and electron correlation effects on the
same footing.
The numerical implementation leads to a systematic procedure similar to
the atomic coupled-cluster approach, where the energy contribution of QED
effects are evaluated with correlated relativistic wave functions. The effects
of QED are also included in the resulting numerical wave functions of the
procedure, which can be reintroduced with an approach of iteration for
calculations of new higher-order effects.
The first numerical implementation of the procedure to the groundstate for
a number of helium-like ions in the range Z = 6− 50 of the nuclear charge,
indicates the importance of combined effects of QED and correlation in
the low- and moderate-Z regions. The results show also that the effect of
electron correlation on first-order QED-effects for He-like ions in the low
and moderate-Z regions dominates over second-order QED-effects.
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